Abstract: Diagnosis and management of pediatric retinal conditions such as retinopathy of prematurity (ROP) have been evolving significantly with the availability of new technology and treatments. New imaging systems, telemedicine, tele-education, and anti-vascular endothelial growth factor (VEGF) intravitreal pharmacotherapy are all changing the way we diagnose and deliver care to children with pediatric retinal disease. Fluorescein angiography and optical coherence tomography have the potential to improve our diagnosis and management of disease, and with improvements in retinal imaging, telemedicine is becoming more feasible. Telemedicine, tele-education, and computer-based image analysis may overcome many of the challenges we face in providing adequate care and access for children with pediatric retinal disease. Treatment options have also expanded with the use of anti-VEGF therapy. Although the use of intravitreal anti-VEGF for ROP has been documented in the literature for more than a decade, many questions still remain about its safety in the pediatric patient population. Several ongoing prospective studies are exploring the utility of anti-VEGF agents for ROP, with attention to the optimal dose of drug, systemic safety, and our understanding of recurrence of disease. This review aims to provide an update on current diagnostic and therapeutic modalities, focusing predominantly on the role of anti-VEGF therapy, for the management of ROP and other pediatric retinal vascular diseases.
M
anagement of pediatric retinal conditions has traditionally been dependent on examination findings from ophthalmoscopy, in an era when access to pediatric retinal imaging was more limited than today. Currently, however, management paradigms are shifting as novel techniques, technologies, and clinical evidence emerge.
Intravitreal anti-vascular endothelial growth factor (anti-VEGF) agents such as bevacizumab, ranibizumab, aflibercept, and conbercept have been shown to be effective in retinal vascular disorders. In adults, anti-VEGF therapy has revolutionized the management of conditions such as exudative age-related macular degeneration and diabetic retinopathy. The use of anti-VEGF in retinopathy of prematurity (ROP) or other pediatric retinal conditions, however, is less well defined.
Retinopathy of prematurity is a leading cause of childhood blindness worldwide that provides a relevant example of a pediatric retinal condition whose management has historically and continues to change. Clinical evidence and experience with anti-VEGF in pediatric retinal diseases is most established with ROP. Other pediatric retinal diseases with reported clinical use of anti-VEGF include Norrie disease, 1 familial exudative vitreoretinopathy (FEVR), 2, 3 Coats disease, 4, 5 and incontinentia pigmenti. 6 In this review, we discuss the potential impact of recent and future advances in diagnostic and therapeutic modalities, in particular the role of anti-VEGF therapy, on the management of ROP and other pediatric retinal conditions.
ROP-CLASSIFICATION AND SCREENING
Initially reported as "retrolental fibroplasia" in 1944, 7 ROP clinically presents with peripheral retinal avascularity and can subsequently develop neovascular proliferation with possible progression to retinal detachment. [8] [9] [10] [11] Risk factors for ROP include low birth weight of 1500 g or less, gestational age (GA) of 32 weeks or less, and exposure to unmonitored supplemental oxygen. 12, 13 Extended high levels of oxygen lead to an initial hyperoxic vaso-obliterative phase followed by a hypoxic vasoproliferative phase in the immature retina.
14 Although prolonged oxygen exposure is considered to be a major risk factor in the development of ROP, intraventricular hemorrhage, sepsis, hyperglycemia, blood transfusions, and respiratory distress syndrome have been reported as other associated risk factors. 15, 16 Globally, ROP has presented in 3 distinct epidemics since Terry's original description. 12 The first epidemic in the 1940s and 1950s was driven by the use of unmonitored supplemental oxygen in premature babies in highly developed countries. Increased access and quality of intensive neonatal care resulted in improved survival outcomes of increasingly premature and extremely low birth weight infants, leading to the second epidemic in the 1970s. The third epidemic that began approximately in the late 1990s involves mostly middle income countries due to a combination of both increasing access to neonatal intensive care and risk factors that lead to smaller premature babies being born. Table 1) . 10 Plus disease is a term used when retinal vascular dilation and arteriolar tortuosity exceed that of a standard fundus photograph published by ICROP, which has important implications for clinical management. 9 Cases where posterior pole vascular abnormalities are present but are not deemed to qualify as plus disease are termed pre-plus disease. A rapidly progressing form of ROP, aggressive posterior ROP (APROP), is defined as ROP typically in zone I or posterior zone II, plus disease, and rapid vascular changes that can result in stage 5 ROP without typical progression through stages 1-3.
Current guidelines in the United States recommend ROP screening for infants with a birth weight of 1500 g or less, GA of 30 weeks or less, or infants more than 1500 g or more than 30 weeks of GA that are high risk for ROP. High-risk characteristics may include necrotizing enterocolitis, intraventricular hemorrhage, sepsis, and bronchopulmonary dysplasia. Retinal screening examinations are performed using binocular indirect ophthalmoscopy by a qualified ophthalmologist. 10, 18 Time of initiation of first ROP screening examination is based on postmenstrual age (PMA), which has been shown to correlate better with the onset of ROP as compared with postnatal age alone. 19 Recommended duration for follow-up examinations to continue varies according to ROP classification and severity (Table 2) . 19, 20 
HISTORICAL AND CURRENT TREATMENT-CRYOTHERAPY AND LASER PHOTOCOAGULATION
Landmark studies such as Cryotherapy for ROP (CRYO-ROP) 11 in 1988 and Early Treatment for ROP (ETROP) 21 in 2004 have largely guided the management of ROP thus far. The CRYO-ROP study demonstrated utility of treatment with cryoablation of peripheral immature avascular retina in patients with morphologic changes that corresponded to a more than 50% risk of unfavorable outcome, termed threshold ROP (at least 5 contiguous or 8 cumulative clock hours of stage 3 ROP in zones I or II in the presence of plus disease). 11, 22 In the 15-year follow-up study, there remained a decrease of more than 40% in unfavorable structural outcomes and a decrease of 30% in unfavorable visual acuity outcomes such as retinal detachments, retinal degenerative conditions, pigment abnormalities, cataracts, glaucoma, band keratopathy, and microphthalmos. 23 Diode laser photocoagulation therapy, shown to be as effective as cryoablation, subsequently was adopted as the preferred method of ablation, with lower rates of lid edema, conjunctival hyperemia, and chemosis. 24, 25 Indications for treatment of ROP were redefined by ETROP as type 1 ROP (zone I ROP at any stage with plus disease, zone I ROP stage 3 without plus disease, and zone II stage 2 or 3 with plus disease). 21 Type 2 ROP, as defined by ETROP, was determined to require close follow-up. Treatment of type 1 ROP led to a reduction of unfavorable visual acuity outcomes from 19.8% to 14.3% and structural findings from 15.6% to 9.0%. In comparison with eyes treated with cryotherapy, 5-year follow-up of eyes treated with laser had better structural and functional outcome, better visual acuity, and less myopia compared with eyes treated with cryotherapy. 26, 27 Odds that eyes treated with laser would have a best corrected visual acuity of 20/50 or better were almost 7 times those of eyes treated with cryotherapy with less macular dragging and less long-term morbidity. 24 
EVOLVING MANAGEMENT-TREATMENT OF ROP OUTSIDE CURRENT GUIDELINES
Current treatment guidelines are largely based on findings from ETROP (Table 3) . Gupta et al 28 have recently demonstrated that experts often perform treatment for infants with less than type 1 ROP because of other examination findings or logistical concerns. In this multicenter retrospective review of eyes that were treated for ROP in the Imaging and Informatics for ROP (i-ROP) study, 9.5% of these eyes had a clinical diagnosis milder than type 1 ROP. Indications that prompted experts to recommend and administer treatment in cases milder than type 1 ROP included 1) eyes with active ROP with the contralateral eye being treated for type 1 ROP, 2) vitreous hemorrhage, 3) persistent ROP at an advanced PMA, and 4) concerning structural changes at risk for future complications. Concerning structural changes included tangential traction with temporal vessel straightening concerning for macular dragging and thick stage 3 membranes with anteriorposterior traction concerning for progression to stage 4 ROP. Results from this study illustrate that clinical judgment is www.apjo.org | 137 particularly important in situations outside of evidence-based treatment guidelines and reflect recognition of the need for continuing evolution of the management paradigm.
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ROLE OF IMAGING IN THE EVOLUTION OF PEDIATRIC RETINAL SCREENING, DIAGNOSIS, AND MANAGEMENT
The management of ROP continues to change as we gain further understanding of the disease with the advent of new diagnostic and therapeutic modalities. Imaging systems such as RetCam (Natus Medical, Pleasanton, CA), Panocam (Visunex Medical Systems, Fremont, CA), 3nethra neo (Forus Health, Bengaluru, India), Optomap imaging systems (Optos, Marlborough, MA), and ICON (Phoenix Clinical, Pleasanton, CA) have allowed for photographic documentation of pathology and the development of telemedicine systems in ROP (Table 4 ). Fluorescein angiography (FA) and optical coherence tomography (OCT) have been shown to aid in the diagnostic evaluation of the ROP patient. Image montaging has also been reported to increase accuracy and intergrader agreement in ROP diagnosis, 29 and automated computer-based image analysis has already been shown to be comparable to human expert image interpretation in the detection of plus disease. [30] [31] [32] [33] All of these advances in retinal imaging have led to further advances of pediatric retinal screening, evaluation, diagnosis, documentation, communication of findings, and clinical management. Fundus imaging systems enable the acquisition of highresolution fundus images during examinations under anesthesia. 34 Fluorescein angiography is a relatively safe procedure in the pediatric population, and the combination of fundus imaging with FA has been shown to enable the detection of vascular changes that were not detected by indirect ophthalmoscopy in ROP. 35 In the latter study by Patel et al, 35 FA significantly improved sensitivity of diagnosis of stage 2 or worse, stage 3 or worse, preplus or worse, and type 2 ROP or worse disease. The presence of retinal neovascularization in stage 3 disease is often clinically significant, and FA may be particularly sensitive in the diagnosis of stage 3 ROP, increasing sensitivity from 39.8% to 74.1%. Additionally, FA has been shown to be particularly adept at detecting changes such as arteriovenous shunts, capillary loss, arteriolar leakage, and retinal ischemia. 36, 37 Presence of these findings on FA can precede diagnosis of prethreshold disease and may predict progression of aggressive ROP at an earlier stage. 38 Furthermore, FA has been shown to be important in the evaluation and management of Coats disease, 39 FEVR, sickle cell retinopathy, 40 and ocular tumors. 35, 41 Ultra-widefield imaging systems such as the 200-degree field of view noncontact, nonmydriatic Optomap imaging systems (Optos, Marlborough, MA) are often successful in children older than 3 years old and have also been shown to be successful in infants. 42 When combined with FA, ultra-widefield imaging has been shown to aid in the evaluation, documentation, and management of peripheral retinal pathology in various pediatric retinal conditions. 42 Computer-generated mosaic photographs collate multiple fundus photographs into 1 single photograph that matches or exceeds the field of view of individual widefield images. Compared with the interpretation of multiple individual photographs, inclusion of the collated fundus areas within a single mosaic photograph has been shown to increase diagnostic accuracy and intergrader agreement of certain categories of ROP. 29 
TELEMEDICINE AND COMPUTER-BASED IMAGE ANALYSIS
Multiple surveys, including a 2006 survey from the American Academy of Ophthalmology, indicate that fewer ophthalmologists are willing to manage ROP in the future. 13 Therefore, given the potential shortage of skilled examiners for ROP, it will be important to find ways to improve access to care for children at risk of ROP. Telemedicine has been promoted as a platform to reduce the burden of bedside ROP screening examinations for physicians. Ancillary healthcare staff can effectively obtain high-quality fundus imaging on patients, and subsequent remote interpretation in a centralized reading center may create a more efficient system of ROP care with larger geographical reach and increasing cost effectiveness. [43] [44] [45] Telemedicine for ROP has been shown to be efficient and have good sensitivity and specificity. 46, 47 In 1 study, diagnosis of ROP by physicians using telemedicine images took less time (1-1.75 minutes) in comparison with ophthalmoscopy (4.17-6.63 minutes). 48 Intergrader agreement in telemedicine imaging studies has been consistently high. 49, 50 Nevertheless, there is variability, 
Additionally, tele-education systems may have a role to play in the education of trainees and healthcare staff in the management of ROP and pediatric retinal disease. The Global Education Network for ROP has used web-based systems to improve ROP education in the United States and internationally. 43, [52] [53] Providing remote access to training and assessing an individual's competency in image-based diagnosis may allow for the establishment and certification of a standardized level of care before participation in a telemedicine screening program.
Telemedicine for ROP holds the potential to overcome many challenges associated with ROP screening, diagnosis, and management. However, wider implementation of telemedicine requires the establishment of standardized protocols for image capture and training for both photographers and image graders to ensure consistent delivery of high-quality and reliable programs.
INTRAVITREAL ANTI-VEGF PHARMACOTHERAPY FOR ROP
Reported advantages of anti-VEGF pharmacotherapy over laser photocoagulation include less time for treatment administration, less stress on the infant, faster improvement in plus disease and regression of ROP, less treatment-related destruction of the peripheral retina, lower risk of myopia, and monotherapy treatment for zone I ROP or APROP.
54-58 However, widespread acceptance of anti-VEGF therapy has been limited due to the potential risk of higher rates of late recurrence (Fig. 1) , the need for an extended follow-up period, persistent peripheral avascular retina after treatment, membrane contraction with retinal detachment, and delayed onset retinal detachment. [59] [60] [61] [62] [63] [64] Bevacizumab has also been shown to be detectable in the serum for 8-12 weeks after intravitreal injection, raising concern for possible systemic adverse events. 65 A 2017 report by the American Academy of Ophthalmology on the use of anti-VEGFs for primary treatment of ROP noted no level I evidence on the subject, 54-58 which by predefined standard criteria required masking when outcomes are subjective. Six prospective randomized controlled trials and 7 retrospective studies were considered to provide level II and III evidence, respectively.
Response to Treatment, Retreatment Rate, Outcomes, and Follow-Up Examinations
Level II Evidence-Prospective Randomized Trials
The 54 The primary outcome measure was treatmentrequiring recurrence by 54 weeks' PMA. The authors report a 4% retreatment rate in the bevacizumab group, compared with 22% in the laser group. This statistically significant difference was noted to be true for zone I ROP, and not zone II ROP, on stratified result analysis. However, limitations of the study included a lack of standardized laser protocol and a higher level of treatment failure in eyes treated with laser photocoagulation compared with other study populations.
In 2012, Autrata et al 55 in the Czech Republic compared 0.3 mg intravitreal pegaptinib with laser photocoagulation against laser photocoagulation only in 76 infants with stage 3 with plus ROP in zone I or posterior zone II. Study outcomes were anatomic status and rate of recurrence requiring treatment by 55 weeks' PMA. An unfavorable anatomic outcome was defined as stage 4A or worse ROP. When combination therapy was used, the authors Lepore et al 66 in 2014 compared 0.5 mg bevacizumab against laser therapy in the fellow eye of 13 infants with stage 3 ROP in zone I. Six eyes of 3 infants had plus disease at the time of treatment. All eyes treated with bevacizumab had favorable anatomic outcomes at 9 months, whereas 2 eyes treated with laser progressed to retinal detachment. Color fundus and FA images at 9 months PMA revealed abnormalities such as retinal vascular branching, peripheral retinal shunt vessels, persistent avascular retina, absence of foveal avascular zone, posterior hyperfluorescent lesions, or linear choroidal filling patterns in all eyes treated with bevacizumab but not in the majority of eyes treated with laser.
In 2016, Zhang et al 67 compared 0.3 mg intravitreal ranibizumab against laser photocoagulation therapy in 50 infants with stage 2 or 3 ROP with plus disease in zone II. Initial regression of ROP occurred in all eyes treated with ranibizumab, whereas both eyes of 1 patient treated with laser did not exhibit initial response to treatment. However, 52% of eyes treated with ranibizumab subsequently developed recurrence and underwent laser photocoagulation retreatment.
Level III Evidence-Retrospective Comparative Case Series
In 2010, Lee et al 68 compared the combination of 0.5 mg bevacizumab and laser photocoagulation versus laser photocoagulation alone in 8 patients with bilateral moderate to severe ROP. Eyes diagnosed with more severe vascular activity received combination treatment. The authors report faster resolution of plus disease, regression of fibrovascular tissue, and earlier vascularization into the peripheral retina with combination treatment.
In 2015, Hwang et al 69 compared 0.625 mg bevacizumab and laser photocoagulation in 54 eyes of 28 patients with type 1 ROP. Recurrence of ROP occurred in 3 of 22 eyes (14%) treated with bevacizumab and 1 of 32 eyes (3%) treated with laser. All recurrences in both groups occurred in eyes with zone I ROP. No progression to retinal detachment or macular ectopia occurred in eyes treated with bevacizumab. In eyes treated with laser, 1 eye progressed to stage 5 ROP, and 5 eyes developed macular ectopia.
In 2015, Isaac et al 70 compared 0.625 mg bevacizumab and laser therapy in 45 eyes of 25 patients with type 1 ROP. All eyes had favorable anatomic outcomes.
In 2016, Mueller et al 71 compared 0.625 mg bevacizumab (37 patients) with laser photocoagulation (17 patients with type 1 ROP). Time to complete regression between treatment groups was significantly lower for eyes with posterior ROP treated with bevacizumab (median, 9 days versus 57 days) but not significantly different for peripheral zone II ROP. Recurrence of ROP was noted in 12% of eyes treated with bevacizumab, whereas none were seen in eyes treated with laser.
Gunay et al 72 in 2016 compared 0.625 mg bevacizumab versus 0.25 mg ranibizumab versus laser photocoagulation. Recurrence of ROP was highest in infants treated with ranibizumab (50%), followed by bevacizumab (5.5%) and laser (1.8%). Mean time to recurrence was longer for bevacizumab (14 weeks) compared with ranibizumab (9 weeks). This study additionally reported good therapeutic response with no complications or recurrences in eyes treated with bevacizumab or laser, when bevacizumab was preferentially chosen for eyes with zone I or posterior zone II ROP and laser for eyes with anterior zone II ROP. 73 Additionally, Isaac et al 70 reported that there was a significant increase in the number of follow-up examinations in eyes treated with bevacizumab (16 ± 6 visits versus 6 ± 3 visits), even when both groups had high rates of treatment success.
Short-term efficacy and ocular safety of anti-VEGF treatment for ROP has been shown to be good and comparable with laser therapy, although systemic and long-term risks are less established for anti-VEGF therapy. Anti-VEGF treatment may be particularly useful in certain cases where quicker regression may be clinically beneficial, such as zone I disease and APROP. Studies have reported variable rates of recurrence and most studies have shown that use of anti-VEGF therapy requires longer and more diligent follow-up examination schedules. However, an exact definition for recurrence in each paper was not specifically stated and there is currently no consensus agreement by ROP experts on the definition of recurrence of ROP after intravitreal anti-VEGF therapy. Therefore, it must be noted that recurrence, in currently published literature, may be defined in a number of ways, including recurrence of disease, disease that requires retreatment, or even disease that does not resolve with treatment. Overall, there is consistent evidence reporting lower rates of myopia, high myopia, and astigmatism with anti-VEGF as compared with laser.
Refractive Outcomes
Lowest Effective Dose
A variety of doses of bevacizumab has been used in the treatment of ROP, with little consensus as to the lowest effective dose required to promote regression of disease. In a phase 1 dosing study, Wallace et al 75 
Systemic Adverse Effects
Neurodevelopmental outcomes have been studied by a number of groups. Araz-Ersan et al 76 found no difference in mean cognitive, language, or motor scores when comparing bevacizumabtreated infants to laser therapy-treated infants on the Bayley Scales of Infant Development test. Furthermore, Lien et al 77 reported no difference in mental or psychomotor impairment when comparing bevacizumab monotherapy with laser monotherapy, but patients with combination therapy of laser and bevacizumab were noted to have higher incidence of mental or psychomotor impairment. Morin et al 78 reported lower median motor composite scores and 3.1 times higher odds of having neurodevelopmental disability in bevacizumab-treated infants. However, these studies were not randomized, and further studies should be performed to better elucidate the difference between prematurity itself and anti-VEGF treatment as the causative factor for neurodevelopmental outcomes. laser photocoagulation in the successful treatment of Coats disease. 5 However, reports have also cautioned against the use of bevacizumab in Coats disease due to a possible association with the development of vitreoretinal fibrosis and potentially tractional retinal detachment, when used in combination with laser or cryotherapy.
Development of vitreoretinal traction has also been associated with the use of anti-VEGF therapy (pegaptanib sodium) in FEVR. 2 However, the authors report that visual acuity can improve after surgical release of traction and that anti-VEGF is a potential treatment when refractory to standard therapy. A separate case report describes rapid resolution of FEVR with bevacizumab. 3 Intravitreal bevacizumab treatment was reported in an infant with Norrie disease born at 34 weeks via planned preterm delivery and treated on day 2 of life with laser photocoagulation of avascular retina, sparing foveal and macular regions, along with 0.75 mg intravitreal bevacizumab. 1 Repeat injections of intravitreal bevacizumab were administered at 16 (right eye) and 20 (left eye) weeks of age, when preretinal hemorrhages were observed. The patient demonstrated Teller visual acuities of 20/350 bilaterally at 9 months. Retinal detachment was not present at 10 months of age, although the fovea remained avascular bilaterally.
Intravitreal bevacizumab was reported to lead to complete resolution of neovascular tissue in 2 incontinential pigmenti patients, although 1 required laser treatment for recurrence 7 months after injection. 6 
ADVANCES IN SURGICAL TECHNIQUES
Surgical advances in the management of ROP and pediatric retinal conditions include advances in areas such as pharmacologic vitreolysis and microincision vitrectomy surgery. A posterior vitreous detachment is more difficult to induce intraoperatively in pediatric patients due to a formed and strongly adherent vitreous. Pharmacologic vitreolysis with intravitreal ocriplasmin before surgical vitrectomy has been investigated as a possible method to facilitate this but was not reported to exhibit clear efficacy. 79 Microincision vitrectomy surgery has been advancing with increasingly smaller instrumentation. Smaller gauge surgery may allow for more predictable sutureless vitrectomy and may decrease postoperative morbidity, whereas larger instruments may allow for better efficiency and performance. Three-dimensional displays and endoscopic visualization are newer technologies that may be applied to microincision vitrectomy surgery, and intraoperative OCT allows for intraoperative assessment and confirmation of retinal microarchitecture.
Immediate sequential bilateral vitreoretinal surgery (ISBVS) was reported to be feasible and safe and may be considered in pediatric patients requiring bilateral vitreoretinal surgery. 80 Indications for ISBVS as found in the study were rapidly progressive disease, systemic morbidity placing the child at high anesthesia risk, and residence remote from surgery location.
CONCLUSIONS
The diagnosis and management of pediatric retinal conditions has improved with the availability of new technology and treatments. We are seeing a new era in pediatric retina with the development of new retinal imaging technologies, telemedicine programs, computer-based image analysis, adoption of deep learning algorithms, and microsurgical advances. We are now able to visualize pathology in ways we were unable to before. Pharmacotherapy with anti-VEGF is also playing a more important role in the management of pediatric retinal disease.
As we may begin to see a new epidemic of ROP in preterm infants, 81 we are reminded of the persistent clinical challenges that remain with the management of pediatric retinal conditions. Increasing rates of premature births, lack of qualified examiners, and suboptimal access to highly specialized care for pediatric retina occur on a global scale. Future international collaborative efforts will aid with comprehending and adopting developing technologies and guide new management standards for the future.
